To assess the strength of association of main driver-dependent risk factors with the risk of causing a collision between vehicles in Spain, from 1990 to 1999.
INTRODUCTION
Risk factors for involvement in a traffic accident are often classified into three main groups: driver-dependent (or pedestrian-dependent for accidents between a vehicle and a pedestrian), vehicle-related, and environment-dependent (1, 2) . Most authors attribute most accidents to the first group of factors, which are thought to account for 60% to 90% of all traffic accidents (3, 4) . This fact emphasizes the need to identify main driver-dependent factors and characterize their association with the risk of traffic crashes.
Of all types of crashes, vehicle collisions are among the most frequent and the most costly in terms of injuries and lives lost (5) . In 1991, Perneger and Smith (6) proposed a simple method for using information from traffic accident databases available in most developed countries (7) (8) (9) to estimate the influence of driver characteristics on the risk of being actively involved in a collision, with adjustment for the exposure rate of each driver. This method is a specific application of the so-called induced exposure method, first developed by Thorpe in 1967 (10) and widely used since then (11) (12) (13) . Briefly, drivers involved in a two-vehicle collision are identified as having committed or not having committed an infraction, and those collisions in which only one driver committed an infraction are selected for analysis. The infractor is assumed to have been actively involved in the collision, whereas the noninfractor is considered to have been passively involved. Analysis of the two groups of drivers, paired by collision, is thus analogous to a paired case-control study. Additionally, by pairing drivers by collision, this simultaneously controls for the main confounding factors related with environmental circumstances (14) .
In previous articles we showed, with an extension of the method proposed by Perneger and Smith, that in Spain, drivers at increased risk of causing collisions were young male drivers, older drivers of both sexes (15) , and foreign drivers (16) . The aim of the present study was to analyze
METHODS
This was a retrospective, paired case-control study with a variable number of controls per case. The data were obtained from the register of traffic crashes resulting in injury or death recorded by the Spanish Dirección General de Tráfico (DGT) from 1990 to 1999. For each accident the register contains information about the nature of the crash, the vehicles, and persons involved. This information is taken from the statistical report and checklist filed for each accident, an official document that the Spanish Traffic Police must complete at the scene of all accidents with victims. One of the variables in the checklist, and hence in the DGT database, is the specific infraction committed (classified according to 20 categories, excluding administrative and speed infractions, which are recorded as two separate variables; see Appendix) by each driver involved in the accident. We used this information to classify the drivers into two groups: infractors and noninfractors. We selected only the 220,284 collisions involving two or more vehicles on the road with four or more wheels, and in which one and only one of the drivers involved was considered an infractor. This represented 24.6% of all accidents recorded in the database. We excluded those collisions in which one (or more) of the vehicles was parked or unoccupied, those involving two-wheeled vehicles, and those in which neither driver or more than one driver had committed an infraction. The 220,284 infractor drivers (one per collision) comprised the case group; the other 259,569 noninfractor drivers were considered their corresponding control group, paired by collision.
The rationale of the study was that in those collisions in which only one driver committed an infraction, this driver can be considered to have caused the collision. The other (noninfractor) drivers involved in the same collision were assumed to be passively involved, and were considered a representative sample of all drivers on the road at the time of the crash (15, 16) .
For each driver we recorded the following variables from the DGT database: sex, age, psychophysical circumstances (normal, under the influence of alcohol when no breath test was used, under the influence of alcohol as documented by a positive breath test, under the influence of illicit drugs, sudden illness, sleepiness or drowsiness, worried, other/ unknown), administrative infraction (none, expired driving license, expired motor vehicle inspection certificate, other), speed-related infractions (none, inappropriate speed for the road or weather conditions, driving above the speed limit, slow driving that interfered with traffic), physical disabilities (none, vision, hearing, upper limbs, lower limbs, other), years in possession of a valid driving license, type of driver (professional or nonprofessional), safety belt use, type of vehicle (car, ambulance, van, truck, tanker, bus, articulated vehicles, other), and years since the vehicle involved was certified for driving on public roads.
The data were subjected to conditional logistic regression analysis (17) using the characteristic "infractor or noninfractor" as the dependent variable, to calculate odds ratios and 95% confidence intervals. The crude odds ratio (cOR) for each variable was first calculated with a univariate logistic model. Then the corresponding adjusted estimates (aOR) were obtained by introducing all driver-and vehicle-dependent variables in a multivariate model. Because we detected a statistically significant positive interaction between age and sex, an interaction term between these two variables was also added to the model. From the aOR values and the proportion of exposed cases (p c ) we obtained point estimators of the population attributable risk percent (PARP) for the main modifiable driver conditions, using the following equation: PARP ϭ (p c (aOR-1)/aOR) × 100 (18) . All analyses were done with the STATA statistics package (v. 5.0) (19) .
RESULTS
The effect of age and sex on the risk of being an infractor was reported in a previous paper (15) . This analysis focuses on the effect of other driver-related characteristics. Table 1 shows the distribution of cases (infractors) and controls (noninfractors) according to the variables in which drivers were categorized. Table 2 shows the crude and adjusted OR estimates for each category of driver, with their corresponding 95% confidence interval, along with the PARP for the selected categories of driver conditions.
All risk factors considered were associated with the risk of causing a collision according to both crude and adjusted ORs. With few exceptions there were no large differences between the two estimates. The highest OR values were seen for risk factors related with psychophysical conditions, especially sleepiness or drowsiness (aOR ϭ 64.35) and influence of alcohol with a positive breath test (aOR ϭ 22.32). Among speed infractions, the magnitude of the OR for driving at an inappropriate speed for road or weather conditions stands out (aOR ϭ 28.33). Despite these high figures, the low proportion of exposed cases means that only the PARP for inappropriate speed was higher than 10% (13.73%). Years in possession of a driving license showed an inverse relationship with the risk of causing a collision. However, a significant interaction was observed between this variable and age: the protective effect of each year of driving license possession was highest in the youngest age group (aOR ϭ 0.95), and decreased linearly with age up to 65 years, when the association disappeared. Nonprofessional drivers were at a slightly higher risk of causing a collision than professional drivers (aOR ϭ 1.18).
The highest aOR values for physical disabilities were obtained for the categories other (2.18) and lower limbs (1.65). The commission of administrative infractions was also related with the likelihood of causing a collision, with the highest adjusted estimates appearing for drivers whose driving license had expired (aOR ϭ 2.29). Non-use of a seat belt was also related with a high risk of causing a collision (aOR ϭ 1.47), and yielded the second highest PARP (10.50%) because of the large proportion of unbelted infractor drivers.
DISCUSSION

Methodological Considerations
The method used has several limitations which should be taken into account. Because it is an extension of the socalled induced exposure methods, it shares with them two major drawbacks:
Uncertainty Regarding Ascription of Responsibility to the Drivers Involved in a Collision. From an epidemiological viewpoint, most traffic accidents have a multicausal origin and can rarely be imputed to a single factor (i.e., the driver) as the only cause. Our study is therefore based on the assumption that there exists a particular group of collisions in which one of the drivers involved (the one who committed an infraction) is more responsible than the other driver(s), or is more likely to be the responsible driver than are the drivers who committed no infraction (15) . Although the relationship between committing an infraction and the risk of being involved in traffic crashes has been well established (20) (21) (22) , the assumption that the infractor is responsible for the collision may not be true. However, the approach we used in the present study makes such an association plausible: in a collision in which only one of the drivers committed an infraction and the other involved drivers did not, the former driver is much more likely to have caused the accident (15) . On the other hand, we assumed that the police officer who completed the accident report identified the infractions committed by each driver correctly. No studies in Spain have attempted to verify this assumption. Our hypothesis is that it is generally easier to record a given infraction reliably than it is to assign culpability for an accident to a given driver. In any case, even assuming that the commission of an infraction is misassigned, the strength of the method is based on the assumption that it is nondifferential, i.e., that it does not depend on driver characteristics. Any resulting bias would therefore be toward the null (15) .
Uncertainty Regarding whether Nonresponsible Drivers are Actually a Representative Sample of All Drivers on the Road. As some authors have pointed out (22) , it AEP Vol. 13, No. 7 August 2003: 509-517 is possible that nonresponsible drivers are not completely representative of the general driving population, as they might be at a somewhat higher risk of being involved in collisions than the overall population of drivers. If this hypothesis is true, our OR estimates may be biased to some extent towards the null.
The specific application of this method to the data analyzed here brought to light several problems which deserve some comment:
Validity and Reliability of the Data. Unfortunately, the quality and completeness of the DGT traffic crash database have yet to be assessed. We must therefore assume that these data are affected by the same problems as have been described previously for similar databases in other countries, i.e., under-representation of less severe accidents (9, 23, 24) and an undetermined degree of inaccuracy for driver-related variables (25) (26) (27) . Inaccuracies in the ascription of infractions to each driver have been noted previously. Regarding independent variables, inadequate validity may be a particular problem with the variable psychophysical circumstances, for several reasons:
(a) In many collisions, two or more psychophysical conditions may be present simultaneously (27, 28) (i.e. alcohol and illicit drug consumption plus sleepiness). However, the categories of this variable that police officers record in the DGT register are mutually exclusive. We must therefore assume that the Spanish police recorded for each driver only the most relevant or the most salient category. (b) With the exception of the influence of alcohol documented by a positive breath test, the remaining categories are judged by the police officer with extremely subjective criteria. (c) This variable is probably the one which is most strongly influenced by differential information bias, if police officers tend to assign any category other than normal to drivers who have committed a traffic violation. This would lead to an away-from-the null bias in the estimates of the OR for categories such as sleepiness, alcohol or illicit drug use. To test this latter possibility, we performed logistic regression analysis of the subsample of two-vehicle collisions, considering the presence or absence of any psychophysical circumstance other than normal in the infractor drivers as the dependent variable. As independent variables, we included all the remaining driver-related variables for the infractor driver, along with the age, sex and psychophysical circumstances of the corresponding noninfractor driver involved in the same collision. If the police officer tended to assign any psychophysical circumstance other than normal to the infractor driver simply because he or she was considered to be responsible for the collision, an inverse relationship between infractor and noninfractor psychophysical circumstances driver would be expected. However, in contrast to what might be expected, a strong positive relationship was found between infractor and noninfractor psychophysical circumstances. This suggests that overestimation of the OR because of information bias was not significant.
Analysis of Speed-related Infractions.
We did not use speeding infractions to assign driver responsibility. Assuming that these infractions are especially frequent among younger male drivers (29) (30) (31) , this raises the possibility that we might have underestimated the cases in which these drivers were responsible for the collision. We based our decision on the fact that the DGT database considers speed infractions separately from other infractions. As a result, a speed infraction may appear alone or, as is much more common in our dataset, in combination with other infractions. This led us to consider speeding infractions as a risk factor per se, whose main influence was to make it more likely that a second infraction-the direct cause of the collisionwould be committed. In accordance with this hypothesis, speeding infractions can be considered one of the factors that accounts for the differences in the risk of causing a collision between different driver categories. By including this variable in the multivariate model, we believe we have partially controlled the possible underestimation of risk for young drivers.
Analysis of Missing Values. Because data for some of the covariables included in the model were missing, the adjusted analysis comprised only 65.5% of the initial sample of drivers. In an attempt to elucidate whether this lack of data might have introduced selection bias in our adjusted estimates, we obtained cOR estimates for two subpopulations: (a) the one which was used in the adjusted analysis, and (b) the one which, because of missing values for some variables, could not be used in the adjusted analysis. Some of the crude estimates differed widely between both subpopulations, and the magnitude of the differences increased with the absolute magnitude of the estimates. The greatest difference was seen for the variable psychophysical circumstances, especially for the sleepiness/drowsiness category: cOR was 67.31 for the included subpopulation and 25.02 for the excluded subpopulation. This fact is again a reflection of the uncertainty concerning the validity of this variable. However, despite these differences, the overall pattern of crude associations remained practically unchanged between the whole sample and the two subpopulations. The only noteworthy difference was again seen in the cOR for the category sleepiness/drowsiness in the excluded subsample (b), which was lower than the cOR for alcohol and illicit drug use.
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Discussion of the Results
The direction and magnitude of the associations we found between all risk factors considered and the probability of being responsible for a collision were, in general terms, consistent with those reported by others for the effect of driver-dependent factors on the risk of being involved in a traffic crash (32) (33) (34) . However, as our estimates refer specifically to the risk of being responsible for a collision between vehicles with four or more wheels, they are not directly comparable with figures for the risk of being involved in a traffic crash (in either an active or a passive role), with those obtained for other types of traffic crash (i.e., collisions between other kinds of vehicles or single-vehicle crashes), or with figures for all traffic crashes considered as a whole.
The risk factors considered in the present study can be divided into two main groups, depending on their causal link with the crash. The first group includes factors closely and directly related with the crash: psychophysical circumstances of the driver and speed infractions. The second group includes factors that can be considered to favor the occurrence of a crash over the long term, but that are indirectly related with the crash. As expected, factors in the first group yielded higher OR values than those in the second group.
Factors Directly Related with Collisions
Regarding psychophysical circumstances, the results should be interpreted with extreme caution because of the uncertain validity of this variable. The main conclusion to be drawn from our results is probably that the pattern of associations we found is generally consistent with previous reports (33, 34) . Perhaps the most outstanding finding is the strong association for the category sleepiness/drowsiness, which was greater than that found for alcohol use. Although part of this excess may be an artifact, it should be recalled that we restricted our analysis to collisions, a type of crash in which the effect of alcohol may be weaker than in single crashes, as previous studies have found (19, 35, 36) . Furthermore, alcohol consumption is more influential in younger drivers (29) , and it is generally recognized that younger drivers tend to be more frequently involved in single-vehicle crashes, whereas older drivers are involved more frequently in collisions between two or more vehicles (29, 35, 37) . In any case, the high OR estimate obtained for sleepiness/ drowsiness supports the increasing importance given to this factor in recent years as an immediate cause of traffic crashes (33, (38) (39) (40) . In addition, our results once again document the effect of alcohol consumption on the risk of being involved in a traffic crash (33, 34, (41) (42) (43) . The large increase in both crude and adjusted OR estimates for drivers with a positive breath test in comparison to drivers under the influence of alcohol but who did not take a breath test may reflect the joint effect of several factors: (a) information bias in the police officers' visual assessment of the drivers' sobriety (27) , (b) other information bias if police officers tended to request a breath test only if they believed that the driver had committed an infraction in this crash (26) , and (c) an approximately dose-dependent relationship between alcohol consumption and the risk of causing a collision, assuming that police officers tended to request a breath test more frequently if the driver presented evident signs of inebriation. Although the association we found between use of illicit drugs and the risk of causing a collision is in agreement with earlier findings (27, 33, (44) (45) (46) , an unbiased estimation of this effect would require an unbiased measurement of drug-related variables, a type of information which is not recorded in the DGT register.
Despite the high values of the ORs, the low frequency of exposure for all psychophysical categories other than normal yielded low PARPs. Only the value for alcohol use documented by a positive breath test reached a figure higher than 3%, which is much lower than the figures reported in earlier studies (43, 47) . As noted before (26, 27) , police officers probably tend to underreport some of these psychophysical alterations, perhaps because they record them only when the driver shows obvious signs of such alteration.
The information on speed infractions in the DGT database is somewhat subjective (as it relies on the police officer's judgment), and these results should also be interpreted with caution. Our results are nonetheless in agreement with the reported increases in the risk of being involved in a traffic crash as a result of speeding (31, 48, 49) . However, the large difference between the high OR for inappropriate speed for the road or weather conditions and the much lower estimate obtained for driving above the speed limit is noteworthy. Although part of the high OR value for the former category of speed infraction may be the result of differential classification bias (police officers might be more likely to ascribe this infraction to the driver who committed another infraction), this result supports the view of those who play down the importance of speed limitation and emphasize good driving practices (50) . The high value of the PARP obtained for inappropriate speed-the highest of all driverrelated conditions-suggests that this factor should be the main target of traffic crash prevention strategies, especially since speeding increases not only the risk of a crash, but also its severity.
Factors Indirectly Related with Collisions
The number of years in possession of a driving license was used here as a rough estimate of the driver's experience. Although experience has usually been recognized as a protective factor against the risk of being involved in a traffic crash (33, 51) , the strong correlation between age and experience makes it difficult to distinguish the independent effect of each factor. Our analyses, adjusted for the effect of age, support the existence of an age-independent effect of experience on the risk of causing a collision. Interestingly, our results reveal an interaction between this factor and age: as age increases, the protective effect of the number of years in possession of a driving license decreases. The protective effect of being a professional driver also correlated highly with experience (after adjustment for higher exposure rates).
Regarding physical disabilities, all aOR estimates were lower than their corresponding crude estimates, probably because of the adjustment for age in the multivariate model (as older age is related with almost all impairments). However, even in the adjusted analysis, visual and lower limb disabilities were slightly but significantly associated with the risk of causing a collision. Although the former association was also reported in some earlier studies (52) (53) (54) , the causal link between visual defects and traffic crashes, as well as the need to change current visual standards for driving, are still an open debate (52, (55) (56) (57) . With regard to limb disabilities, the wide range of variability in the specific nature of the handicap makes it difficult to offer a more specific analysis of our finding, which is in agreement with the association reported by Marottoli et al. between foot abnormalities and risk of being involved in a traffic crash (58) .
Administrative infractions and non-use of seat belts were used here as surrogates for safety unawareness and high-risk driving style (33) . The excess risk for unlicensed drivers has been described previously (6, 59) . Furthermore, the relation between the risk of causing a collision and an expired motor vehicle inspection certificate is in agreement with the association White found (60) between time since the last vehicle inspection and the probability of an accident. These results support the benefits of control strategies focused on drivers with administrative infractions (61) . The increase in accident risk associated with safety belt non-use has also been observed before (6, 34, 62) , and suggests that the driver's risk-taking inclinations increase both the risk of causing a traffic crash and its severity.
In summary, the present results support the usefulness of an economic and feasible method to obtain relevant epidemiological conclusions from information routinely collected by the traffic police regarding many of the main circumstances surrounding traffic crashes-information that is now usually recorded in almost all industrialized countries. Our findings and conclusions are particularly relevant for countries where epidemiologic studies of this problem are scarce, as is the case with Spain (63). Specifically, our results emphasize the importance of inappropriate driving speed, sleepiness, and driving under the influence of alcohol as the main immediate driver-related risk factors for causing a collision between two or more vehicles with four or more wheels. However, factors related with driving experience and good driving behavior also play an important role in increasing the risk of causing a collision. 
